Neuronal NOS activation during oxygen and glucose deprivation triggers cerebellar granule cell death in the later reoxygenation phase.
The present study investigated the temporal relationship between neuronal nitric oxide synthase (nNOS) activity and expression and the development of neuronal damage occurring during anoxia and anoxia followed by reoxygenation. For this purpose, cerebellar granule cells were exposed to 2 hr of oxygen and glucose deprivation (OGD) and 24 hr of reoxygenation. To clarify the consequences of nNOS activity inhibition on neuronal survival, cerebellar granule cells were exposed to OGD, both in the absence of extracellular Na(+) ([Na(+)](e)), a condition that by reducing intracellular Ca(2+) ([Ca(2+)](I)) prevents Ca(2+)-dependent nNOS activation, and in the presence of selective and nonselective nNOS inhibitors, such as N(omega)-L-allyl-L-arginine (L-ALA), N(omega)-propyl-L-arginine (NPLA), and L-nitro-arginine-methyl-ester (L-NAME), respectively. The results demonstrated that the removal of [Na(+)](e) hampered the [Ca(2+)](i) increase and decreased expression and activity of nNOS. Similarly, the increase of free radical production present in cerebellar neurons, exposed previously to OGD and OGD/reoxygenation, was abolished completely in the absence of [Na(+)](e). Furthermore, the absence of [Na(+)](e) in cerebellar neurons exposed to 2 hr of OGD led to the improvement of mitochondrial activity and neuronal survival, both after the OGD phase and after 24 hr of reoxygenation. Finally, the exposure of cerebellar neurons to L-ALA (200 nM), and L-NAME (500 microM) was able to effectively reduce NO(*) production and caused an increase in mitochondrial oxidative activity and an improvement of neuronal survival not only during OGD, but also during reoxygenation. Similar results during OGD were obtained also with NPLA (5 nM), another selective nNOS inhibitor. These data suggest that the activation of nNOS is highly accountable for the neuronal damage occurring during the OGD and reoxygenation phases.